
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD388036

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; MAR 1968. Other
requests shall be referred to Arnold Engineer
Development Center, Arnold AFB, TN.

USAEDC ltr 10 Mar 1975 ; USAEDC ltr 10 Mar 1975



ARCHIVE COPY 

AEDC-TR-68-2&   DO 

< 
in x : 

O  : 

< H° 

T3 
^1 
O 
"a 
m 

£ S» -H 
^ m -< 
^ r? _ 
o o -J 
en — 
o   -   r 

£> - J 
(-•   j ,* 
r>o   * 
o +>    > 
O "^  ~: 

O 

o 
P7 

4**/      UNCLASSIFIED        ^"V *■"*'' • ?(y 
CL »««FIEDI UNCLASSIFIED ,«,!».-  ^ 3i.JLT 

Eu 

Dec-0'liJ 

TESTS OF A ONE-THIRD-SCALE NASA 

HYPERSONIC RESEARCH ENGINE INLET 

AT MACH NUMBERS 6 AND 8 (U) 

Frederick K. Hube 

ARO, Inc. 

This    material cant ains inforniattoii^^ 0^^ the 
national dote1T3 ol the ln^|VP Kteithin the 
meani nt; /fl   the r? On£^ IpW^pPitlc 18X-S.C, 
seetioys 793 arv transn>/ssion or reveh ol ion 
of vv/ich 

P^IJ.'. . 
In ter to an unauthorized personVis 

VON fCAfMI^N GAS DYNAMICS FACILITY 

ARNOLD ENGINEERING DEVELOPMENT CENTER 

AIR FORCE SYSTEMS COMMAND 

ARNOLD AIR FORCE STATION, TENNESSEE 

PECLA* 
SS>F*ED/UNCLASSIFIED i kssmtf) ,u^J 



mim 
When li. S. Government drawings specifications, or olher dala are used lor any purpose other than a 
definitely related Government procurement operation, the Government thereby incurs no responsibility 
nor any obligation whatsoever, and the lact that the Government may have formulated, furnished, or in 
any way supplied the said drawings, specifications, or other data, is not to he regarded by implication 
or otherwise, or in any manner licensing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

Qualified users may obtain copies of this report from the Defense Documentation Center. 

References to named commercial products in this repoTt are not to be considered in any sense as an 
endorsement ol the product by the United States Air Force or the Government. 

DL> not return this copy. When not needed, destroy  in accordance with pertinem security regulations. 

*1 A-'- »"tr 



UKSCIASSIBEO 

^CLASSIFIED/UNCLASSIFIED 

TESTS OF  A ONE-THIRD-SCALE  NASA 

HYPERSONIC  RESEARCH  ENGINE INLET 

AT  MACH  NUMBERS 6 AND 8 (U) 

AEDC-TR-6B-28 

«Wwflsd by 

Sens 'i, 
Of 

'ear /,■«»..,,    "~ "•- "  " 

J Cri ÖSC.O ,% «-«^gy 

TVi/s 
' rr^-oy 

Frederick K.  Hube 

ARO,   Inc. 

vl -OLpL!J.:c fsbi 

£^ 

This    material    contains information    affecting   the 
national^ deferree   of  the L'nitec1 ^ÜM|           B the 
meaning   of  theXEspiooafl ̂ g^^^^^u^-c.y 
sec/ions  7j^^J|           ^1 transmission or\r>evelEjlJ6'n 
oji^y^      ^WTTn JKip er tp -''an unauthorized person is 

.ypro^^Wed by law. 

NATIONAL SECURITY INFORMATION 
UnauHiDiuoJ ir.zz^_,.?. subject 

to Cimnci  S^ i; ions 

DECLASSIFIED 
, UNCLASSIFIED 

UNCL*SSIF,ED 



AEDC-TR-68-28 UN CLASSIFIED 

DECtAS8.^0/UNCUAS8fflE0 

FOREWORD 

(U) The work reported herein was done at the request of the Air 
Force Aero-Propulsion Laboratory (AFAPL),   Air Force Systems 
Command (AFSC),  for the National Aeronautics and Space Administra- 
tion (NASA) and the Lockheed California Company under Program 
Element 62405214..   Project 3012. 

(U) The results of tests presented were obtained by ARO,   Inc.   (a 
subsidiary of Sverdrup &. Parcel and Associates,  Inc. },  contract opera- 
tor of Arnold Engineering Development Center (AEDC),   AFSC,   Arnold 
Air Force Station,   Tennessee,   under Contract AF40(600)-1200.    The 
tests were conducted during the period from July 7 to 19,   1967,   under 
Project No.   VT077O,   and the manuscript was submitted for publication 
on December 29,   1967. 

(U) This report contains no classified information extracted from 
other classified documents. 

(U) This technical report has been reviewed and is approved. 

Donald H. Meyer 
Major,  USAF 
AF Representative,  VKF 
Directorate of Test 

Leonard T. Glaser 
Colonel,  USAF 
Director of Test 
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UNCLASSIFIED ABSTRACT 

(U) An axisymmetric,   variable geometry,   hypersonic inlet was 
tested at Mach numbers 6 and 8 as a preliminary step in the develop- 
ment of the NASA Hypersonic Research Engine (HRE).    Surface 
pressure measurements on the inlet centerbody and inside the cowl 
and pitot pressure measurements at two stations along the internal 
passage were made.    The measurements were obtained at various 
centerbody positions,   free-stream Reynolds numbers from 0.97 to 
2. 50 x 10°,   based on the 6-in.   cowl diameter,   and over an angle-of- 
attack range from -6 to +6 deg.    Selected results are presented to 
illustrate the effects of centerbody position,   angle of attack,   Mach 
number,   and Reynolds number on the surface and pitot pressure 
distributions. 

This document is^» pbj ect to specia 1  expor^ 
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nationals  pray bej 57oT approval of 
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SECTION I 
INTRODUCTION 

(U) A one-third-scale model of an axisymmetric,  variable geometry 
hypersonic inlet designed as the air induction section of the NASA 
Hypersonic Research Engine (HRE) was tested at Mach numbers 6 and 8. 
The present tests were preliminary to future wind tunnel tests of a two- 
thirds-scale inlet model,   which will simulate the complete range of 
anticipated full-scale flight conditions.    Wall static pressures along the 
centerbody and inner cowl surface and pitot pressure distributions across 
the internal passage at two axial stations were measured to determine 
the performance of the inlet. 

(U) The tests were conducted in the von Karman Gas Dynamic 
Facility (VKF) 50-in.  wind tunnel (Gas Dynamic Wind Tunnel,  Hypersonic 
(B)) at Mach numbers 6 and 8 and free-stream Reynolds numbers from 
0. 9 7 to 2. 50 x 106 (based on the cowl lip diameter of 6 in. ).    The inlet 
was tested with various centerbody positions over an angle-of-attack range 
from -6 to +6 deg. 

SECTION II 
APPARATUS 

2.1   MODEL 

(U) The model,   supplied by the Lockheed California Company and 
shown in Figs.   1 and 2a (Appendix),   was constructed of 17-4 PH stain- 
less steel.    The contour of the centerbody began with a 10-deg conical 
forebody,   faired smoothly into an isentropic compression surface,   and 
made an expansion turn inside the cowl into the internal passage.    The 
cowl had a drooping lip which would allow the inlet to be closed to the 
external flow during power-off flight.    Internally mounted electric motors 
were provided for remote positioning of the centerbody and mass flow 
plug. 

(U) The inlet contained a row of static pressure orifices along the 
top centerline of the centerbody and on the inner surface of the cowl top 
centerline.    Pitot pressure rakes,   each with three probes,   were fixed 
to the centerbody on the top and bottom centerlines at an axial station 
14. 34 in.   aft of the centerbody tip.    Two additional throat rakes,  com- 
posed of five pitot pressure probes each,   were attached to the cowl top 
and bottom centerlines 6. 60 in.   aft of the cowl leading edge. 

1 
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(U) Four pitot pressure rakes in the diffuser section were positioned 
15. 31 in.   aft of the cowl lip.    Data from these rakes and adjacent static 
pressure orifices were used to compute the mass flow through the inlet. 

(U) Preliminary tests were made to determine the optimum 
boundary-layer trip size to ensure a turbulent centerbody boundary layer 
at the cowl entrance.    The trip shown in Fig.   2b was selected and used 
for all subsequent tests.    The full-scale inlet will also use a boundary- 
layer trip,   but this trip configuration will be determined during future 
tests with the two-thirds-scale model. 

2.2 WIND TUNNEL 

(U) Tunnel B is a continuous,   closed-circuit,   variable density wind 
tunnel with an axisymmetric contoured nozzle and a 50-in. -diam test 
section.    The tunnel operates at a nominal Mach number of 6 or 8 at 
stagnation pressures from 20 to 300 and from 50 to 900 psia,   respec- 
tively,   at stagnation temperatures up to 1350°R.    The model may be in- 
jected into the tunnel for a test run and then retracted for model cooling 
or model changes without interrupting the tunnel flow.    A more complete 
description of the tunnel may be found in the Test Facilities Handbook1. 

2.3 INSTRUMENTATION 

r 
(U) Model pressures on the centerbody ahead of the cowl lip were 

measured with 15-psid transducers,   and the internal static and pitot 
pressures were measured with 100- and 200-psid transducers,   respec- 
tively.    All transducers were referenced to a near vacuum.    From repeat 
calibrations,  the estimated precision of the pressures measured with'the 
15-psid transducers was ±0. 003 psia or ±0. 5 percent,   whichever was. 
greater,    The estimated precision of the measurements made with the 
100- and 200-psid transducers was ±0. 10 percent of full-scale reading. 

(U) Model flow field schlieren photographs were obtained during all 
tests.    Typical photographs are in Fig.   3. 

r t xTest Facilities Handbook (Sixth Edition).      von Karman Gas 
Dynamics Facility,   Vol.   4. "   Arnold Engineering Development Center, 
November 1966. 

.s  -..-2 ■    . . 
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SECTION Hi 
PROCEDURE 

AEDC-TR-68-2B 

(U) The model was injected into the tunnel flow with the centerbody 
moved aft to ensure that the inlet was started for each test run.   Moving 
the centerbody aft opened the throat,   thereby promoting the establish- 
ment of supersonic flow through the inlet.    After a start was confirmed, 
the centerbody was translated to the desired test position.    For all data 
presented,  the mass flow plug was moved to the most aft position, 
thereby providing essentially no restriction to the inlet flow.    Table I 
contains a complete list of test conditions. 

TABLE I 

TEST SUMMARY 

M„ in. 

6. 02 12. 55 
12.60 
12. 90 

6. 03 11. 85 
12. 00 
12.55 
12. 60 

r 12.90 

6. 06 11. 85 
12. 00 
12.55 
12. 60 
12.90 

7. 97 

I 
12. 90 
13. 08 
13. 31 

8. 01 12. 90 
13. 08 
13. 31 

p0, psia T0, °R pffl, psia 

165 

285 

450 

800 

850 

1110 

850 

1295 

1335 

0.068 

0. 102 

0. 1 62 

0. 047 

0. 082 

Rem    x lO"6 

1. 05 

0. 97 

2. 50 

1. 05 

1. 75 

Note:   The angle-of-attack range for each combination of centerbody 
position,   Reynolds number,   and Mach number was -6 to +6 deg. 
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(U) TlTe" inlet performance will be evaluated by the Lockheed 

California Company. 

SECTION IV 

RESULTS AND DISCUSSION 

{<£) The effects of centerbody position on the centerbody and cowl 
pressure distributions and the forward pitot rake pressures at Mach 
number 8. 01 are shown in Fig.   4.    The peak pressures on the center- 
body (Fig,   4a) and cowl surfaces (Fig.  4b) decreased in an orderly 
manner as the centerbody was moved aft,   i. e.,   as the duct geometric 
contraction decreased.    However,   surface pressure variations in the 
neighborhood of the cowl lip were not orderly,  probably because of the 
interaction of the lip shock and the centerbody boundary layer. 
Figure 4c illustrates that both pitot pressure level and distribution 
varied,   indicating the influence of varying duct contraction and cowl lip 
shock interaction. 

(£) Figure 5 shows the effects of Reynolds number on the center- 
body,   cowl,   and forward pitot rake pressure distributions.   Significant 
Reynolds number influence on surface pressures appeared to be limited 
to the entrance portion of the duct.    Pitot pressure measurements in 
this region also showed a significant variation with Reynolds number 
{Fig.   5c). 

{(f) Variation of centerbody,   cowl,   and forward pitot rake pressure 
distributions with angle of attack at Mach number 8. 01 is shown in 
Fig.   6.    The pressure level on the centerbody and cowl changed uniformly 
with angle of attack.    The pitot rake pressure distribution (Fig.   6c) 
showed the largest change at positive angle of attack. 

(JC) Figure 7 presents the effects of Mach number on the centerbody, 
cowl,   and forward pitot rake pressure distributions at a Reynolds num- 
ber of 1. 05 x 106.    Generally,   higher static pressure ratios and lower 
pitot pressure ratios were observed as free-stream Mach number in- 
creased;  however,   the basic pressure distribution trends were unchanged. 

-—•——. 
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a.   Inlet Model 

Fig. 2   Sketch of Inlet Model and Boundary-Layer Trip 
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b.    Boundary-Layer Trip 

Fig. 2  Concluded 
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